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Description 

FIELD OF THE INVENTION 

BACKGROUND OF THE INVENTION 

" o<,n= fAPn that Dlav a crucial role in the immune system 

. Dra,.* (PanteBordisnbn P. « A .1997 J ^"^^ ) an .Wa udn (Braun M.C. « al.. 1999 . D» 

auto-immune disorders. 
SUMMARY OF THE INVENTION 

or treating a disease associated with an excess in iu v 

through the use of at least one PDE4 '"h'bto^ fl and/or treating a disease associated with an 

SUSSES 

nnirr nF^"""" 1 ™ 1 nF THE figures 

[00 0 9] F^liHust.^^ 

Immature DC. DC (2 x 10* ^"in cytokine production in ng/ml of duplicate 

of PDE4 inhibitors (Anflo or R 01 ^™);^ 1 ^ ^. , - ™ okine production is expressed as ng/ml. 
cultures (24h supernatants). A: IL-12p70 ; *TN£j C. L ^ CyloK, P^.^ |U2 by lmmature pC. 
[0010] Figure 2 illustrates the presence of 10nM of the indicated PDE4 inhibitors 

DC (2x1 0* cells/well) were stimulated with ^^S^^ are expressed as the cytokine product.cn in 

^ 0 ?Se= 

each figure the mean fluorescence ""tensity pDE4 inhjbitors during maturation 

[0012] Figure 3B illustrates the absence , of phenotyPic ^ X ^ factors TNF-a plus up (referred to as 
of dendritic cells. Dendritic cells were matured JjJJJ^* ^ Rolipram and analysed for the expression of cell 
MF) in the presence or absence of the ^ ^.btom AnM megn fluorescence jntensity (Mn) 
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cells was induced by IL-ip/TNF-a in either the absence or presence of PDE4 inhibitors, or PGE 2 . Differently matured 
dendritic cells were harvested after 48 h, washed to remove residual factors, and stimulated with J558-CD40L and 
IFN-y. Cytokine concentrations in 24 h supernatants were determined by ELISA. Results are expressed as the mean 
cytokine production in ng/ml +/- SD of duplicate cultures. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] PDE4 inhibitors are known in the art to possess direct activities on T-cells, mainly by inhibiting T-cell prolifer- 
ation, notably by downregulating antigen-driven proliferation. 

10 [0015] The inventors have surprisingly found that PDE4 inhibitors exert a direct effect on dendritic cells by inhibiting 
their capacity to produce the inflammatory cytokine IL-12 upon subsequent stimulation of these dendritic cells, for 
example by a combination of LPS and IFN-yor CD40L, a surface receptor of T-cell. They have also shown that although 
PDE4 inhibitors are able to inhibit IL-12 production by stimulated dendritic cells, these inhibitors do not alter the phe- 
notype of mature dendritic cells. u -u-. i 

f5 [0016] Further, it has been shown according to the invention that the direct activity of PDE4 inhibitors on dendritic 
ceils was able to induce changes in the T-helper cell population. More specifically, the direct activity of PDE4 inhibitors 
on dendritic cells direct the immune response of naive T cells towards a Th2-type response upon activation by mature 
dendritic cells pretreated by a PDE4 inhibitor during maturation. In addition, the direct activity of PDE4 inhibitors on 
dendritic cells induces a significant decrease of the Th1 population. 

20 [0017] A first object of the invention consists of the use of at least one PDE4 inhibitor or a pharmaceutical^ acceptable 
salt thereof for manufacturing a medicament for preventing and/or treating a disease associated with an excess in IL- 
12 production. 

[0018] The term "PDE4 inhibitor" is intended to encompass every compound which possesses the ability to inhibit 
a PDE4 enzyme with an IC 50 value of at least the same order of magnitude than the IC 50 measured in the same 
25 experimental condition for Rolipram. The IC 50 value corresponds to the molar concentration of the PDE4 inhibitor which 
is able to inhibit 50% of the PDE4 activity as regards the value of PDE4 activity measured with control buffer in the 
absence of PDE4 inhibitor. 

[0019] As an illustrative embodiment, PDE4 inhibition may be measured by the one skilled in the art according to 
the method described by TORPHY et al. (1992, J.Pharm. Exp. Ther. Vol. 263: 1195-1205). 
30 [0020] Most preferably, the determination of the IC 50 value for a particular PDE4 inhibitor is achieved by measunng 
the PDE4 enzyme activity both in the absence of any inhibitor and in the presence of a PDE4 inhibitor in a range of 
inhibitor concentrations comprised between 0.01 nM and 100 uM and preferably between 0.01 nM and 1 jlM. 
[0021] PDE4 enzyme which is used for the inhibition test may be obtained from a cytosolic extract from cells of the 

human cell tine U937. , n ^A 
35 [0022] Without wishing to be bound by any particular theory, the inventors believe that the direct activity of PDE4 
inhibitors on IL-12 production by dendritic cells is not, at least only, mediated by a raise in intracellular cAMP concen- 
tration. Indeed, it is shown that other PDE inhibitors, which are known to increase cAMP levels like PDE7 inhibitors, 
do not exert any inhibiting activity on IL-12 production by dendritic cells. 

[0023] The expression ■ an excess in IL-1 2 production " is intended herein to encompass an undesirable production 
40 of IL-1 2 in physiological situations wherein the development of an immune response in a patient body causes a strong 
inflammatory reaction or a high activation of T-helper cells which is detrimental for the health of said patient, leading 
to various pathologies including auto-immune diseases. 

[0024] Diseases associated with an excess in IL-12 production encompass auto-immune disorders like Inflammatory 
of the bronchi/pathologies affecting the bronchus such as Bronchoconstriction, multiple organ failure, Osteoarthritis, 

45 Septic shock (septicaemia), Inflammatory complaints or disorders, (Chronic) inflammatory diseases of the digestive 
system including intestine (hemorrhagic rectocoiitis, ulcerative colitis, IBD) with auto-immune component, chronic lym- 
phatic leukaemia, Hepatic failure including following immunologic or inflammatory liver injury, Graft rejection, Crohn's 
disease, Chronic obstructive bronchopneumopathy (chronic bronchitis, emphysema, COPD), acute pulmonary attack, 
ischemia-induced neuronal damages, Reperfusion ischaemia diseases related to a high level of TNF-oc, acute respi- 

so ratory distress syndrome, acute pancreatitis, auto-immune demyelinating disorders, multiple sclerosis, Type I diabetes, 
chronic/relapsing allergic encephalomyelitis, auto-immune encephalomyelitis, inflammatory colitis, arthritis including 
rheumatoid arthritis, sarcoidosis, hypersensitivity pneumonitis, auto-immune uveitis, Inflammatory Bowel Disease 
(IBD) psoriasis, eczema, contact dermatitis, as well as other Th1 -mediated human diseases. 
[0025] In a first preferred embodiment, the PDE4 inhibitor is selected from the group consisting of Rolipram and Ariflo. 

55 [0026] In a second preferred embodiment, the PDE4 inhibitor is selected from the group consisting of compounds 
from the Diazepino-indole family, preferably [1,4]diazepino[6,7,1-/j/] indoles such as those disclosed in the PCT appli- 
cations WO 97/36905 and WO 95/11690 and as well as their metabolites disclosed in the PCT Application N° WO 
99/50270. 
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[0027] Preferred [1 ,4]diazepino[6,7,1-A,]indoles compounds are the following compounds : 
. (3RHsocuino.ine-3-carboxy.lc acid (9 .nydroxy-4.oxo-1^ 

. ^-amino-N-^^ t6 , 7 ,1-hi]indo.-3-y.)-5-ch,oro-2-meth- 
oxybenzam.de te trahvdro-[1 4]diazepino[6,7,1-hi]indol-3-yl)isonicotinamide 

. ^uino..ne-3-carboxy..c acid (9 -amino-4-oxo-1-phenyl-3A67^^ 

. (3^ 7-dimethy.pyrazo,o [ 5,-cM 1 .2.4 ] triaz.ne-3-carboxy.ic add ^aminc^oxo-l-pheny.-SAej-tetrahydrotl.A] 

l?R)4,7-dime«hy.-pyrazo.o [ 5,1.] l 1.2,4 ] triaz.ne-3-carboxy.ic ac.d ( 4.xo-1-pheny,-9-( P yrro.idin-1-y.)-3.4,6.7-tet- 
rahydro-l1.4]diazepino[6,7,1-h/lindol-3-yl]-amide. 

teZni^7*rom^ 

7 1Zo-t^ 
HpTp^d^ 
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7-Bromo-1-dimethylaminc^-(4-methylbenzy^ 

4-(7-Bromo-1-dimethylamino-5-oxo-5H^^^ 

7-Bromo-1-dimethylamincnH4^ 

4-(7-Bromo-1-dimethylamino-5-oxo-5H-[1 ,2,4]triazolo[4,3-a]quinazolin-4-ylmethyl)benzoic acid methyl ester 

[4-(7-Bromo-1-dimethylamino-5-oxo-5H-[1^ 

7-Bromo-1-dimethylamino^-(3-phenylaW 

7-Bromo-1-dimethylamino^-(3-phenyl-prop-2-ynylHH-[1,2,4]tria2olo[4 ( 3^ 
1-Azepan-1-yl-7-methyl^(3-phenylallylHH41,2,4]triazolo[4,3-a]quina2oiin-5-one 
4-(3,4-Dimethoxybenzyl)-7-methyM -pyrrolidin-l-yMH-ll^^ltriazoloK.S-alquinazolin.S-one 
[4-(7-Methyl-5-oxo-1 -pyrrol idin-1-yl-5H-[1 ^^Jtriazolo^-alqu inazolin-4-ylmethyl)phenyl]acetic acid 
7-MethyM-(3-phenylaIlyl)-1-pyTOlidh^^ 

[4-(1-Dimethylamino-7-methyl-5<>xo-5^ acid 

1 -Dimethylamino-7-methyl^^ 

1-Dimethylamino-7wnethyM-(3-pyr^ 

[4-(7-Bromo-5-oxo-1-pertiydroazepin-1-yl-5H-[1,2,4]triazolo[4 ) 3-a]quinazolin^ 
4-benzyl-7-bromo-1-(pyrrolidin-1-yl)-4H-[1,2 t 4]triazolo[4,3-a]quinazolin-5-one 
4-Benzyl-7-bromo-1-(2, 5-dihydropyrrol-1-y!HH-[1,2,4]triazolo[4,3-a]quinazolin-5-one 
4-Benzyl-7-iodo-1-pyrrolidin-1-yM^ 

1- Azepan-1-yl-4-benzyl-7-methyl-4H-[1,2,4]triazolo[4 f 3-a]quinazolin-5-one 
4-(4-Aminobenzyl)-7-bromo-1-pyrrolidin-^ 
7 _Amino-4-((E)-3-phenyla^ 

T-Amino-l-azepan-l-yl^benzyMH-Il^^ltriazolo^.S-alquinazoiin-S-one 
7-Amino-4-((E)-3-pyrid-3-ylalIy!)-1-pyrrolid in-1-yl-4H-[1,2,4]triazolo[4,3-a]quinazolln-5-one 
7-Amino-1-dimethyIamino^((E)-3-phenylalW^ 
4-Benzyl-7-methylamino-1-p^ 

4-(7-Methylamino-5-oxo-1-pyrrolid in-1-yl-5H-[1,2,4]triazolo[4 f 3-a]quta^ 
4-Benzyl-8-methylamino-1-pyn-olidin-1-yMH-[1 l 2,4]triazolo[4 l 3-a]quinazo 

4-Benzyl-7-ethylamino-1-pyrrolidin^^ 
4-Benzyl-7-isopropyiamino-1 i>yra 

[4.(7-Bromo-5-oxo-1-pyrrolidin-1-yl-5H-[1 ^^JtriazoloK.S-alquinazolin^ylmethylJphenyllacetic acid methyl ester 

2- [4-(7-Bromo-5K3xo-1-pyrro^^ 
2-[4~(7-Bromo-1-dimethylamino-5-oxo-5H-[^ 

2-[4-(7-Bromo-5-oxo-1-pyrrolidin-1 -yl-SH-ll^^ltriazolo^.S-aJquinazolin^ylmethyOphenyll-N.N-dimethylaceta- 
mide 

2-[4-(7.Bromo-5-oxo-1-pyrrolidin-1-yl-5H-[1,2,4]triazolo[4,3-a]qu inazolin-4-ylmethyl)phenyl]-N-hydroxyaceta- 
mide 

1-Dimethylamino-7-methyW-(3-py^ 
[0029] Among the compounds mentioned above, the following compounds are particularly preferred : 

7-Bromc>-1-dimethylamino4-(^ 
1-(azepan-1-yl)-7-chloro^(3^ 
1-(azepan-1-ylH-chloro^(3-pyr^ 

4-(1-Azepan-1-yl-7-bromo-5-oxo-5H-[1 ^^Jtriazolo^.S-alquinazolin^ylmethyObenzonitrile 
1-Azepan-1-yi-7-bromo-4-(3/l-dimetho 

l-fazepan-l-yO^-bromo^-phenylallylHH-tl^.^triazolo^.S-alquinazolin-S-one 

1-Azepan-1-yl-7-bromo-4-((E)-3^ 

1-Azepan-1-yl-7-bromo^(3-pyrid^yiallylH^^ 

7-Bromo^(4-methylbenzyl)-1-pyrrolidin-1-yl-4H41,2 I 4]tria^olo[4 l 3-a]quinazol^ 

7-Bromo-4-(4-chlorobenzyl)-1-pyrrolidin-1-yl-4H-[1 l 2 ( 4]triazolo[4 f 3-a]quinazolln-5^ 

7-Bromo^(3 ( 4-dimethoxybenzyl)-1-pyrrolidin-1-yWH.[1 > 2 l 4]triazolo[4,3-a]qulna 

l^pyrroIidinM-yl^-bromcM^S-phenylallylMH-fl^.^triazoloK.S-alquinazolin-S-one 

7-Bromo^(3-pyrid-3.ylallyl)-1-pyrrolidin-1-yl-4H-[1,2,4]triazolo[4 ( 3-a]quinazoli^ 

1-(piperid-1^l)-7-bromo^(3-pheny^ 

4-(7-Bromo-1-dimethylamino-5-oxo-5H-[1,2 f 4]triazolo[4,3-a]qu inazolin-4-ylmethyl)benzonitrile 
4-(Bromo-dimethylaminooxo-5H-[1,2,4]triazolo[4,3-a]quinazolin-4-ylmethyl)benzoic acid methyl ester 
7-Bromo-1-dimethylamino-4-(3-phenylallyl)-4H-[1,2,4]triazolo[4 l 3-a]quinazo!in-5-one 
7-Bromo-1-dimethylamino-4-(3-pheny^^ 
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7-Amino-4-((E)-3-pyria-d yiauyi; w j . 3_ a i a uinazol n-5-one 

^Benzyl-T-methylamino- -pyrrohdin^ 

^•■V*"*^ acid methyl ester 

^frnet^^^ 

.. . in thP pct ADDiication WO 98/49169 and most preferably 

quinazoline-7-carboxylic methyl ester. 
quinazoline-7-carboxylic acid. 

quinazoline-7-carboxylic acid. 

2- m etby.-3-(9^^ 
quinazoline-7-carboxylic acid. 

quinazoline-7-carboxylic acid. 

3 4<iihydro-quinazo!ine-7-carboxylate salt. 

dro-quinazoline-7-carboxylic acid. 

(3S ) 2 -rnethy.-3-(9-r^^ 
dro-quinazoline-7- carboxylic acid. 

quTnazol^-carboxyNque acide 2 -morpho.in-4-y.-eth yl ester. 

2 . me thy..3-(9-^^ 
quinazoline-7-carboxylate salt of 2-acetoxyethyle. 

^ethy.-*^ 

quinazoline-7-carboxylate salt of 2-methoxyethyle. 

2- m ethy,M9- m ^^ 
quinazoline-7-carboxylate salt of 2-hydroxyethyle. 

quinazoline-7-carboxylate salt of 1-(2S)-glycerol. 
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2- methyl«3-(9-methyl^ 

quinazo!ine-7-carboxylate salt of 2-hydroxy3-morpho!in-4-yl-propyle. 

9-methyl-3-(2-methyl^oxo-4^ 

(3S)9-methyl-3-(2,5^ime%^^ 
4-one. 

(3S)9-methyl-3-(2,6-dimethyl^^ 
4-one. 

(3S)9-me%l-3-(2,6-dimethyl-4-oxo^ 
4-one. 

(3S)9-methyl-3-(23-dimethyl^oxo-4H-quinazolin-3yl)-1-phenyl-67-dih 
4-one. 

3- (5-methoxy-2-methyl-4-oxo^H-quinazolin-3yl)-9-methyl-1-ph 

4- one. 

3- (7-methoxy-2-methyl-4-oxo^ 

4- one. 

3- (6-methoxy-2-methyl-4-oxo-4H-quinazolin-3yl)-9-methyl-1-phe 

4- one. 

3- (6-bromo-2-methyl-4-oxc>-4H-quinazoIin-3yl)-9-methyl-1-pheny|.6J-dih 

4- one. 

3-(5-hydroxymethyl-2-meth^^ 
[6,7,1-/w]indol-4-one. 

2-methyl-3-(9-methyM-oxo-1-phenyl-3,4,67-tetrahydro-[1,4]di^ 
quinazoline-5-carboxylic acid tertiobutylic ester. 

2- methyl-3-(9-methyl-4-oxo^ 
quinazoline-5-carboxylic acid. 

3- (7-hydroxymethyl-2-methy^^ 
[6 t 7,1-/i/]indol-4-one. 

(3S)3-(5-fluoro-2-methyl-4-oxo-4H-quinazolin-3-yl^9-methyl-1-phe 
dol-4-one. 

3- (5<hloro-2-methyM-oxc^H-q^ 

4- one. 

(9-methyl-3-oxo-4H-quinazolin-3-yl)-1-ph [6,7,1-/7/]indol-4-one. 

3-(9-methyl-4-oxo-1-phenyl-3,4,674etrahydro-[1,4]diazepino[6JJ-/7/T 
2-carboxylic acid ethyl ester. 

5- chloro-3-(9-methyl-4^^ diazepinoie^.l-^lindoi^-ylH-oxo-S^-dihydro- 
quinazo!in-2- carboxylic acid ethyl ester. 

[3-(9-methyl-4K>xo-1-phenyl-3,^ 
2-yl]- acetic acid ethyl ester. 
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Acetic acid 3-(9-methyM^^ 
qu inazolin-2-ylmethyl ester. 

^eth^-me^^ 
4-one. 

9- m ethyl-3^yd W ^ 



4-one 



Sucdnicacidmonoof [t 2-^^ 

a2epino[6J,1-/7/]indol-3-yl)^xo^.4-dlhydrtwjuinazolin-2-yl]-methyl] ester 

Acetic acid mono of [2-(2- m ethoxy-ethoxy)-ethoxy] and |MMn|^ 
azepino[6,7,1-/J/lindol-3-yl)^oxo.34-dihydroquinazoiin-2-yO- methyl] ester. 

N.(2- m orpho.in-4-y.-ethyi)-s U ccinarnic acid 3-(9.methyl-4-oxc-1-phenyi.3,4.6.7-tetrahydro-[1.4]diazepino 
[6,7,1-/7/lindo!-3.yl)-4-oxo-3,4-dihydroquinazolin-2-yl-methyl ester. 

Succinic add 3-(9.methyl^xc-1-phen y .-3,4.6.7-tetrahydro-[1.4] diazepinoiej.l^indol-a-ylH^xc-S^ihy. 
dro-quinazolin-2-ylmethyl ester 2-morpholin-4-yl-ethyl ester. 

6rbutoxvcarbonylamino-2-{3^ 

t£o 3^ acid methyl ester 

3^9-methy^^ 
lin-2-yl]-propanoic acid ethyl ester. 

( 3S)3-(2-methyl^ 
indol-1-one. 

3-(2-meth^xo-4^ptendin-3-yi>9-methyi-1-phenyl-6J-dih 
9-a m ino-3-(2-methy^^ 



dol-4-one. 



3-(2- m ethyW^^^^ 

3 K 2.W!methyl^xc^H^ 

3- ( 2.6-dimethy1^xo^H-quinazolin.3.yl)-9-ni^ 

3 . ( 27-dimethy1^xo^H^^^^ 
W -dimethyl^xo^^ 

3-(8-bromo-2,6-dimet^ 
dol-4-one. 

( 3S)3.(2-methy^oxc^H-py rt do[3.4Hflpyrimidin-3-y1^^ 
dol-4-one. 

5 - ch ,oro-2-methyl-3-^ 
dro-quinazoline. 

(3 S)9-amino-3K2-methyl-4^o^ 
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3-(9-amino^*xo-1-phenyl-3.4^ 

quinazoline-7-carboxylic acid methyl ester and their enantiomers. 

3- (9-amino^xo-1-phe^^ 
quinazoline-7-carboxylic acid. 

9-amino-3-(2-methyl-4<»cc^ diazepino[6,7,1-/wTmdol-4-one. 

9-aminc>-3-(2,5-dimethyM-oxo^^ 

9-aminc>-3-(2,6-dimethyM<^ 

9-amino-3-(2,8<iimethyl-4<^ 

9-amino-3-(2,6,8-trimethyl-4-oxo-4^^ 

4- one. 

9-amino-3-(5-chloro-2-m^ 
4-one. 

2. methyl-3-(9-methyM^^ 
quinazoline-7-carboxamide. 

2-methyl-3-(9-memyl-4-oxo-1^ 
quinazoline-7-carbonitrile. 

9-methyl-3-[2-methyl^.oxo-7-(1H-tetrazol-5-ylHH-q 
[6,7,1 -/7/]indol-4-one. 

2-methyl-3-(9-methyl^oxo-1-ph^ 
quinazoline-7-N-methylcarboxamide. 

2-methy!-3-(9-methyl^oxo-1-ph 
quinazoline-7-N-dimethylcarboxamide. 

2-methyl-3-(9-methyl-4-oxo-1-phenyl-3.4,6,74etrahydro-[1^ 
quinazoIine-7-carboxylic acid (2-morpholin-4-yl-ethyl)-amide. 

2-methyl-3-(9-methyM-oxo-1-phen 

quinazoline-7-carboxylic acid (3-(morpholin-4yl-propyl)-amide. 
2-methyl-3-(9-methyW^ 

quinazoline-7-(2-amino-)-ethylcarboxamide and its hydrochloride salt. 

3 . {7-[4-(2-hydroxy-ethy^^^ 

dro-3H-[1,4]diazepino[6,7,1-/i/|indo!-4-one and its hydrochloride salt. 
(2S) 6-Nbutoxycartonylamino-2-{[2-me 

/i/lindol-3-yl)-4-oxo-3,4-dihydraquinazolin-7-carbonyl]-arnino}-hexanoyc acid methyl ester 

(2S) 6-amino-2^[2-memyl-3-(9-methyM-oxo-1-phenyl-3,4,6,7-tetrahydro-[1,4]d 
oxo-3,4-dihydro-quinazolin-7-carbonyl]amino^exanoTc acid methyl ester. 

2-methyl-3-(9-methyl^oxo-1-pheny^ 
quinazoline-7-carboxylic acid pentafluorophenyl ester. 

N-( 2-methyl-3-(9-methyl-4-oxo-1-phenyl-3 l 4 I 6,7-tetrahydro-[1,4]diazepino [B^.I^/lindol-S-ylH-oxo-S^-dihy- 
dro-quinazoiine-7-carboxyl-)-tyrosine. 
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N-( 2 .methyl-3-^^^ t6.7,1^lndol-3-ylHK» X o-3,^ihy. 
dro-quinazoline-7-carboxyl-)-aianine. 

N-( 2-methy,-3-(9-me^^ tej.l^indol-S-yD^oxo-S^ihy- 
dro-quinazoline-7-carboxyl-)-phenyl-alanine. 

N-( 2-meth y ,-3-(9-methyl^xo-1-phenyl-3A6J-tetrahydro^ I6.7.1-/./lindol-3-yl)^oxo.3.«ihy- 
dro-quinazoline-7-carboxyl-)-glycine. 

»K [6.7.1-/»/T.ndo^yl)^oxo^.^ihy- 
dro-quinazoline-7-carboxyl-)-leucine. 

N .( 2 - me th y l-3-(9-me^^ [ 6,7,1-/ W lindol-3-yl)-4-oxo-3 > 4-dihy- 
dro-quinazoline-7-carboxyl-)-aspartic acid. 

H ^ethyl-S^ethyW^ ^.l^indol-S-ylH^xo-^ihy- 
dro-quinazoline-7-carboxyl-)-glutamic acid. 

N-( 2- m ethyl-3-(9^ethy.^oxo-1-phenyl-3,4,6,7-tetrahydro- l1.4Pazep.no W.U*****H~*^ 
dro-quinazoline-7-carboxyl-)-lysine. 

quinazoline-7-carbon y l]-amino}-3- P hen y l-(L)- P ropionique acide ethyl ester. 

« 2-methy.-3.(9^eth^^ t6.7.1^indol-3-ylH^xc-3,4^ihy- 
dro-quinazoline-7-carboxyl-)-pro!ine. 

10031] Other preferred compounds are those disclosed in the PCT Application N° PCT/EP00/13380 as substituted 
pyrazolo-[4.3-e]diazepines and most preferably the following compounds : 

1 Ethvl-5-r4-methoxy-phenyl)-3.methyl-6,7-dihydro-1 H-pyrazolo[4,3-e][1 ,4]diazepin-8-one, 
Somiphe^ 

! ^Dime^-S^ 

tltrShenyTidimethyl-e,^ 

1 PthvlXohenvl-6 7-dihydro-1H-pyrazolo[4,3-e][1,4]diazepin-8-one, 
^4^nloro-phenyn-1-ethyl-3-methyl^ 

fRh^^fluor^henylU 
Cropy.^ 

+ IE Sl-3-methyl-5-phenyl-4,5,6 j-tetrahydro-IH-pyrazoloH.S-elH.^d.azepin-S-one, 

EZli^memoxy-phenyl)-6J^ihydro.1H-py ra zolo[4,3-e][1,4]d.azep.n-8^ 
IS t tmeS-phenyl -3-methyl-6 . 7 -dihydro-1H-pyrazolo[4,3-e][1.4]diazep.n-8-one, 
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thyl-6,7-dihydro-1H-pyrazolo[4 ( 3-e][1,4]diazepin-8-one, 
3-tert-Butyl-1-e%l-5-phenyW^ 

1 -Ethyl-3-isopropyl-5-phenyl-6,7-dihydro-1 H-pyrazolo[4,3-e][1 t 4]diazepin-8-thione, 

5-(4-Amino-phenyl)-3-terf^ 

5-(4-Amino-phenyl)-1-ethy^ 

1-Ethyl-5-(4-hydroxy-phenyl^ 

5-(4-Amino-phenyl)-3-methyl-^^ 

3-Methyl-5-phenyl-1-(2^2-triflu^^^ 

I.S-Diethyl-S-methyl-ej-dihydro-IH-pyrazoloH.S-eKl.^diazepin-B-one, 

5-Cyclohexyl-1-ethy!-3-methyl-6jKJihydro-1H-pyrazolo[4,3-e][1,4]diazep 

1-Ethyl-3-methyl-5-pyridin-4-yl-6,7-dihydro-1 H-pyrazoloK.S-eKl.^diazepin-S-one, 

(±)1-Ethyl-3-methyl-5-pyridin^^^ ,4]diazepin-8-one. 

5-ter^Buty!-1^thyl-3-methyM,5,67-^^^^ 

5-(4-Diethylamino-phenyl)-1^ 

3- Butyl-1-ethyl-5-phenyl-6,7-dihydro-1H-pyrazolo[4,3-e][1,4]diazepin-8-one, A/-[4-(1.Ethyl-3-methyl-8.oxo-1,6.7, 
8-tetrahydro-pyrazolo[4 f 3-e][1,4]diazepin-5-yl)-phenyl]-acetamide, 

4- (1-Ethy!-3-methyl-8-oxo-1,67,8^^ 

5- terf-Butyl-l-ethyl-S-isopropyl-ej-dihydro-IH-pyrazoloK^-eltl^ldiazepin-B-one, 
l-Ethyl-S-isopropyl-S-p-tolyl^J^ihydro-IH-pyrazolo^.S-elfl^ldiazepin-S-one, 

4- (1-Ethyl-3-isopropyl-8oxo-1,6J,84^^ 

1-Ethyl-3-isopropyl-5-(4-pyrrolidin-1-yl-phenyl)-6J-dihydro-1H-pyrazolo[4,3-e][1 l 4]d 

5- (2,4-Dimethoxy-phenyl)-1-ethyl-3-isopropyl-6J-dihydro-1H-pyrazolo[4,3-e][1^ 
5-tert-Butyl-3-isopropyl-1 -propyl-6,7-dihydro-1 H-pyrazolo[4 f 3-e][1 ,4]diazepin-8-one, 

3- !sopropyl-1-propyl-5-p-tolyl-6J-dihydro-1H-pyrazolo[4 t 3-e][1,4]diazepin-8-one, 

4- (^lsopropyl-8-oxo-1-propyl-1,6J,8^^ 
3^sopropyM-propyl-5-(4^yrrolidin^ 

5- (2 4-Dimethoxy-phenyl^3-isopropy^^^^^ 

3,5-Di-tert-butyl-1-e^ 3-feff-Butyl-1-ethyl-5-p-to!yl-6 f 7-di- 
hydro-1 H-pyrazolo[4,3-e][1 ,4]diazepin-8-one, 

4-(3-terf-Butyl-1 -ethyl-8-oxo-1 ( 6,7,8-tetrahydro-pyrazolo[4,3-e]t1 ^diazepin-S-ylJ-benzonitnle, 
3.f©rf-Butyl-1-ethyi-5-(4-pyiTolidin-1-yl-phenyl)-6J-dihydro-1H-pyrazo 

3- fert-Butyl-5-(2,4-dimethoxy-pte^^ 

S^-Di-fert-butyM-propyl-BJ-dihydro-l H-pyrazolo^.S^IL^diazepin-S-one, 3-ferf-Butyl-1-propyl-5-p-to!yl- 
6!7-dihydro-1H-pyrazolo[4,3-e][1,4]diazepin-8-one, 

4- (3-tert-Butyl-8-oxo-1-propyl-1,6J^ 
3-tert-Butyl-1-propyl-5-(4-pyrrolidin^ 
3-fe/t-Butyl-5-(2,4-dimethoxy-phe^^^ 
3-Butyl-1-ethyl-5-phenyl-6J<ii^ 
1-Ethyl-3-methyl-5-pyridin-3-yl^^ 
1-Ethyl-3-methyI-5-pyridin-2^ 
1-Ethyl-3-methyl-5-phenyl-U-dihydro^^^ 
N-[4-(1-Ethyl-3-me^^ 
zenesulfonamide, 

(1 -Ethyl-3-methyl-5*phenyl-1 ,6-dihydro-pyrazo!o[4,3-e][1 ,4]diazepin-8-yl)-methyl-arnine ( 
1-Ethyl-3-isopropyl-5-phenyl-67-di^^ 

3-fert-Butyl-1-ethyl-5-phenyl-6J-dihydro-1H-pyrazolo[4,3-e][1,4]diazepin-8^ 
1-Cyclopentyl-3-methyl-5-phenyl-6 t 7-dihydro-1H-pyrazolo[4,3-e][1 ,4]diazepin-B-one, 
1-Cyclopropylmethyl-3-methyl-5-p^ 
1-Cyclobutylmethyl-3-methyl^ 

1 -Allyl-S-methyl-S-phenyl-ej-dihydro-IH-pyrazolo^.S-eHI^Jdiazepin-e-one, 

1-Ethyl-3-methyl-5-(4-t^ 
1-Ethyl-3-isopropyl-5-(4-trifluoro^ 

3-tert-Butyl-1-ethyl-5-(4-trffl^^ ,4]diazepin-8-one, 
3-lsopropyM-propyl-5-j^tolyl-6^^ 

S.S-Di-tert-butyl-l-propyl-ej-dihydro-IH-pyrazolo^.S-elll^ldiazepin-S-thione, 
sWButyl-S-isopropyl-l-propyl-ej-dihydro-IH-pyrazoIoK.S-^II.^diazepin-S-thione, 
1 -Ethyl-3-isopropyl-5-p-tolyl-67-dihydro-1H-pyrazo!o[4,3-e][1,4]diazepin-8-thb 

5- tert-ButyM -ethyl-3-isopropy^ 
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f+«-sec-Butyl-1-ethyl-5-phenyl-6.7-dihydro-1H-pyrazolo[4,3-e]l1.4]diazepin-8-one, 
m££Z* ,4]diazep.n*one, 

2 3 - ec-B tyM-pmpyls-pyrid^ 

£cv tohexy!- ^lXl-5-phenyl^yl-6.7-dihydro-1H-pyrazolol4,3-e]l1.4]diazep ! n-8-one, 

3Cvdohexyl-5s>henyl-1-propyl^yl-6,7-dihy^ 
3CvclohS-lSropyl-5-pyri* 

IS 

1 Pthvl-5-(3-hvdroxy-phenyl)-3-methyl-6.7-dihydro-1H-pyrazoloI4,3-e][1 ,4]d azep n-8 one, 
1 Ethvl.3 5-diDhenyl-6,7-dihydro-1^pyrazolo[4,3-e][1,4]diazepin-8-one, 

l0 032] Compounds like substituted pyrazo.o-[4,3-e]diazepines are preferred and more particularly, the following 
compounds : 

1.Ethyl-3-isopropyl-5-phenyl-6,7-dihydro-1H-pyrazolot4,3-e]t1,4]diazepin-8-one, 
lfeSutyM^I-5-phe^ 

t Lsec-S- .propylipyridiniyl-6J-dihydro-1H.pyrazolo[4,3-e][1,4]diazep.n ; 8-one, 

[0 033] According to the use defined above, the medicament is under a form suitable for administration by systemic 
or local route. 
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[0034] The medicament may be adapted for inhalation and thus be presented under the form of a powder or a spray. 
[0035] Systemic administration is preferred for treating diseases like multiple sclerosis, diabetes, allergic and auto- 
immune encephalomyelitis. 

[0036] The PDE4 inhibitors utilized in the present invention include solvates, hydrates and pharmaceutical^ accept- 

5 able salts thereof. .... . , . , 

[0037] Where it is appropriate to form a salt, the pharmaceutical^ acceptable salts include acetate, benzenesul- 
fonate benzoate, bitartrate, calcium acetate, camsylate. carbonate, citrate, edetate. edisylate. estolate. esylate. fu- 
marate gluceptate, gluconate, glutamate, glycoloylarsanilate, hexylresorcinate. hydrabamine, hydrobromide, hydro- 
chloride hydrogencarbonate, hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, malate, maleate. mande- 

10 late mesylate, methylnitrate. methylsulfate, mucate. napsylate, nitrate, pamoate (embonate), pantothenate, phos- 
phate/diphosphate, polygalacturanate. salicylate, stearate, subacetate, succinate or hemi-succinate, sulfate or hemi- 
sulfate tannate, tartrate or hemi-tartrate, theoclate, triethiodide, benzathine, chloroprocaine, choline, diethanolamine, 
ethvlenediamine meglumine, procaine, aluminium, ammonium, tetramethyl ammonium, calcium, lithium, magnesium, 
potassium, sodium, and zinc. (See also "Pharmaceutical salts" by Berge S.M. etal. (1997) J. Pharm. Scl. 66: 1-19, 

J5 which is incorporated herein by reference.) 

[0038] Another object of the invention consists of a pharmaceutical composition for preventing or treating a disease 
associated with an excess in IL-12 production comprising an effective amount of at least one phosphodiesterase E4 
(PDE4) inhibitor or a pharmaceutical^ acceptable salt thereof in combination with at least one pharmaceutical^ ac- 
ceptable carrier. 

20 [0039] The expression " an effective amount " of a PDE4 inhibitor according to the invention is intended to mean an 
amount of PDE4 inhibitor by dosage unit allowing the administration of from about 2 mg to about 1000 mg PDE4 
inhibitor per day for an adult patient of normal weight (i.e. 70 kg). 

[0040] Preferred PDE4 inhibitors to be used in a pharmaceutical composition of the invention are those defined 
above in the specification. 

25 [0041] A pharmaceutical composition according to the invention may compnse a combination of two or more PDE4 
inhibitors, preferably from 2 to 4 and most preferably from 2 to 3 PDE4 inhibitors. 

[0042] The pharmaceutical composition according to the invention Is under a form suitable for administration by 
systemic or local route. 

[0043] Pharmaceutical compositions of a PDE4 inhibitor of the present invention, including one of its salts, are pro- 
30 duced by formulating this active component in dosage unit form with at least one pharmaceutically acceptable earner 
or excipient. For preparing pharmaceutical compositions from a PDE4 inhibitor used in this invention, inert, pharma- 
ceutically acceptable carriers can be either solid or liquid. 

[0044] Solid dosage forms for oral administration include capsules, tablets, pills, powders, and granules. In such 
solid dosage forms, the PDE4 inhibitor is admixed with at least one inert customary excipient (or carrier) such as sodium 

35 citrate ordicalcium phosphate or (a) fillers or extenders, as for example, starches, lactose, sucrose, glucose, mannitol. 
and silicic acid, (b) binders, as for example, carboxymethylcellulose. alginates, gelatin, polyvinylpyrrolidone, sucrose, 
and acacia, (c) humectants. as for example, glycerol, (d) disintegrating agents, as for example, agar-agar, calcium 
carbonate potato ortapioca starch, alginic acid, certain complex silicates, and sodium carbonate, (e) solution retarders, 
as for example paraffin, (f) absorption accelerators, as for example, quaternary ammonium compounds, (g) wetting 

40 agents as for example, cetyl alcohol, and glycerol monostearate. (h) adsorbents, as for example, kaolin and benton.te, 
and (i) lubricants, as for example, talc, calcium stearate. magnesium stearate. solid polyethylene glycols, sodium lauryl 
sulfate, or mixtures thereof. In the case of capsules, tablets, and pills, the dosage forms may also comprise buffenng 
3Q6nts 

[0045]' Solid compositions of a similar type may also be employed as fillers in soft and hard-filled gelatin capsules 
45 using such excipients as lactose as well as high molecular weight polyethyleneglycols, and the like. 

[0046] Solid dosage forms such as tablets, dragees. capsules, pills, and granules can be prepared with coatings and 
shells such as enteric coatings and others well known in the art. They can also be of such composition that they release 
the PDE4 inhibitor, in a certain part of the intestinal tract in a delayed manner. Examples of embedding compositions 
which can be used are polymeric substances and waxes. The active component can also be in micro-encapsulated 
so form, if appropriate, with one or more of the above-mentioned excipients. 

[0047] Liquid dosage forms for oral administration include pharmaceutically acceptable emulsions, solutions, sus- 
pensions syrups, and elixirs. In addition to a PDE4 inhibitor, the liquid dosage forms may contain inert diluents com- 
monly used in the art. such as water or other solvents, solubilizing agents and emulsifiers, as for example, ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, and the like. 
55 [0048] Suspensions, in addition to a PDE4 inhibitor, may contain suspending agents, as for example, ethoxylated 
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide. 
bentonite, agar-agar and tragacanth. or mixtures of these substances, and the like. 

[0049] Compositions for rectal administrations are preferably suppositories which can be prepared by mixing the 
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compound of the present invention with suitable non-irritating excipients or carriers such as cocoa butter . polptt£ 
IZ^Z or a suppository wax. which are solid at ordinary temperatures but liquid at body temperature, and therefore 
melt in the rectum and release the active component. 

SosS positions suitable for parenteral injection may comprise physiologically acceptab e sterile ^aqueous or 
nonaqueous solutions, dispersions, suspensions or emulsions, and sterile powders for reconstitute ,nto ste nle inject- 
aWe solutions or dispersions. Examples of suitable liquid carriers, diluents, solvents or vehicles include water, ethanol, 
polyols (propyleneglycol, polyethyleneglycol. glycerol, and the like), and suitable mixtures thereof 
?0051] These compositions may also contain adjuvants such as preserving, wetting, emulsifying, and d*pers,ng 
agents Prevention of the action of microorganisms can be ensured by various antibactenal and antifungal agents, for 
exam^parabens. chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include .sotonic agents, 
for example sugars, sodium chloride, and the like. 

ra052] Preferably the pharmaceutical preparation is in unit dosage form. In sue form, the preparation is divKJed into 
unit doses containing appropriate quantities of a PDE4 inhibitor. The unit dosage form can be a packaged preparation, 
££££cZ^!*b quantities of the preparation, for example, packeted tablets capsules and powders 
r V iafo ampouTes. T he unit dosage form can also be a capsule, cachet, or tablet itself, or it can be the appropriate 
number of any of these packaged forms. Some examples of dosage unit forms are tablets, capsules, pife powders, 
suppositories aqueous and nonaqueous oral solutions and suspensions, and parenteral solutions packaged n con- 
either one or some larger number of dosage units and capable of being subdivided into individual 

foOM]' The percentage of the active component in the foregoing compositions can be varied within wide limits but 
or pLcal purposes it is preferably present in a concentration of at least 10 % n a sohd composition and at least 2 
% in Tprimanr liquid composition. The most satisfactory compositions are those in wh.ch a much higher proportion of 
the active component is present, for example, from 10 % to 90 % by weight. 

TOs invention also pertains to a method for preventing and/or treating a disease assorted with an excess n IM2 
Ruction comprising administering to a subject in need of treatment an effective amount of a leas one PDE4 mh.brtor 
or a pharmaceutically acceptable salt thereof. Indeed the results of expenments are showing that. 

. PDE4 inhibitors have a direct effect on either immature or maturing DC by inhibiting the production of IL-12p70 
and other inflammatory cytokines such as TNF-a and to some extend IL- 6 

. PDE4 inhibitors do not modify otherwise the phenotype of these cells. 

. By the direct inhibitory effect of the PDE4 inhibitors on the cytokine production by DC. the glance of the Th-1 
versus Th-2 differentiation of naive T cells Is shifted in the direction of Th-2 to the detnment of Th-1 cells. 

r00541 The term "patient "is intended to include a mammal, especially a human. 

0055 All that is required to practice the method of preventing and treating a disease associated with an excess in 
^production according to the present invention is to administer at least one PDE4 inhibitor in an amount that Is 
Active 2 prevent or tree? the damaged condition. The effective amount of PDE4 inhibitor to be utilized will generally 
be from about 2 mg to about 1000 mg per day for an adult patient of normal weight (i.e. 70 kg). 
[0056] The invention is further illustrated, without being limited to the examples below. 

EXAMPLES 

MATERIAL AND METHODS OF THE EXAMPLES 
Materials and Methods 
Cytokines and Reagents 

r00571 The PDE4 inhibitors Rolipram. Diazepino-lndole, Pirazolo [4,3-e]diazepine and Ariflo are kept as 0.1 M stock 
Ens m DMSO. stored at -20'b. and diluted into complete medium just before use. A 1 :1 0* final dilution of DMSO 

^^aV^Z^S^^ x 1* U/mg). human r,-4 (S. A. 2.9 x 1, U/mg, human r.PN. 
(S.A. 2 x 10 7 U/mg) all obtained from R&D systems Europe (Oxon, U.K.). 
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In vitro generation of dendritic cells (DC) from peripheral blood monocytes 

[0059] Venous blood from healthy donors is collected by venipuncture in sodium-heparin containing tubes (VT100H; 
Venoject Terumo Europe, Leuven. Belgium). Peripheral blood mononuclear cells (PBMC) are isolated by density cen- 

s trifugation on Lymphoprep (Nycomed. Torshov, Norway). Subsequently. PBMC are centrifuged on a Percoll (Pharmaca, 
Uppsala, Sweden) gradient consisting of three density layers (1 .076. 1 .059 and 1 .045 g/ml). The light density fraction 
floating on the middle layer, which contained predominantly monocytes, is seeded in 24-well culture plates (Costar, 
Cambridge MA) at a density of 5x105 cells/well. After 30 min of incubation at 37°C, nonadherent cells are removed; 
adherent cells are cultured in Iscove's modified Dulbecco's medium (Life Technologies, Paisley, U.K.) containing gen- 

10 tamycin (86 ng/ml; Duchefa. Haarlem. The Netherlands) and 1 % FCS (Hyclone. Logan, UT) and supplemented with 
GM-CSF (500 U/ml) and IL-4 (250 U/ml) to obtain DC. At day 3. the media, including the supplements, are refreshed. 
At day 6 immature CD1a + CD14- DC are obtained. In some experiments, monocytes are punfied from PBMC by neg- 
ative selection using a monocyte isolation kit (Miltenyi Biotec, Bergisch Gladbach. Germany). The obtained monocyte 
fraction is then processed for in vitro culture in RPMI-1640 (Life Technologies. Paisley. U.K) containing 10 % FCS 1 /o 

15 nonessential amino acids, 1% sodium pyruvate. 100 ug/ml kanamycine (all from Life Technologies. Paisley U.K.) and 
supplemented with rhGM-CSF (500 U/ml) and rh-IL4 (250 U/ml) from R&D Systems Europe, Oxon. U.IC At day 3, the 
media, including the supplements, were refreshed. In both protocols, similar preparation of immature CD1 a CD14" DC 
are obtained. 

20 Induction of maturation of DC in the presence or absence ofPDE4 inhibitors 

[0060] At day 6, the maturation of CD1a + DC was induced by a 2-day exposure to either LPS (250 ng/ml; Difco, 
Detroit Ml) or a combination of the cytokines rhlL-1fl (10 ng/ml), and TNF-a (25 ng/ml) both obtained from Pharma 
Biotechnologie. Hannover, Germany. Maturation was induced in the absence or presence of PDE4 inhibitors (10uM, 
25 unless stated otherwise) or PGE 2 (10-6 M; Sigma. St. Louis.MA). Where indicated. DC were kept in non-matunng 
conditions during 2 days. 

Induction of cytokine secretion by matured DC 

30 [0061] At day 8, mature DC were harvested, washed extensively, and 2x10* cells/200uJ were stimulated with CD40L- 
transfected J558 cell line (2x10* cells/well) in the absence or presence of IFN-y(103 U/ml) in 96-well flat bottom culture 
plates (Costar. Cambridge, MA) in IMDM containing 10% FCS. Supernatants were harvested after 24 h and stored at 
-20°C for determination of IL-12p70, IL-6, and TNF-a levels by ELISA. 

35 Analysis of expression of cell surface molecules by flow cytometry 

[0062] The mouse mAbs against the following human molecules were used: CD1 a (OKT6; Ortho Diagnostic System, 
Beerse Belgium), ICAM-1. CD86 (Pharmingen. San Diego. CA). CD83 (HB15a, lgG2b; Immunotech Marse.He 
France) followed by FITC-conjugated goat anti-mouse mAb (Jackson Immunoresearch Laboratories, West Grove, PA). 
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Cytokine measurements 



[0063] Measurements of IL-12p70 levels in culture supernatants were performed by a specific solid-phase sandwich 
ELISA OptEIA™ human IL-12P70 (Pharmingen San Diego, CA). Measurements of IL-6 and TNF-a were performed 
45 by ELISA using pairs of specific mAbs and recombinant cytokine standards obtained from BioSource International 
(Camarillo. CA). The limits of detection of these ELISA are as follows: IL-6. 20 pg/ml; IL-1 2p70. 3 pg/ml; and TNF-a, 
20 pg/ml. 

Isolation ofCD4* CD45RA* CD4SRO- naive T cells, cocultures with DC, and Induction of memory-type cytokines 
so in maturing Th cells 

[0064] Naive Th cells (ThN) were isolated from peripheral blood leukocytes with the negative selection human CD4 + / 
CD45RO- column kit (R&D Systems Europe, Oxon. U.K.). This method yielded highly purified (>98%) CD4* CD45RA+ 
CD45RO- ThN as assessed by flow cytometry. DC that had been matured with rhlL-1B and TNFa, as descnbed in the 
55 paragraph Induction of maturation of DC in the presence ofPDE4 inhibitors, were extensively washed to remove any 
residual inhibitors ThN (20.000 cells/well) were co-cultured in 96-well flat-bottom culture plates with 10.000 DC/well 
in the presence of 1 ng/ml SEB. On day 5, IL-2 (1 OU/ml) was added and the cultures were further expanded for another 
9 days On day 14 quiescent memory Th cells were harvested, washed, and re-stimulated for 6 h with 10 ng/ml PMA, 
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55 



1 ug/ml ionomycin and 10 ng/ml Brefeldin A (all obtained from Sigma). Cells were fixed with ™^omM*We, 
stabilized"*.* PBS oontaining BSA (0.5%) and saponin { 0.5%) stained rt ^U ant-IFN-a and PE- 
labeled anti-IL-4 mAb (Becton & Dickinson), and analyzed on a FACScan (Becton & Dickinson). 



[0065] 

above 



EXAMPLE 1 : Direct effect of PDE4 inhibitors on cytokine secretion by immature Dendritic cells (DC). 
[0066] Production of IL-12 by DC can be induced by factors such as LPS togethe with, IFN^r or by the ligation of 

Ed ability to produce IL-12p70 and TNF-a in comparison to DMSO-treated DC. In contrast, the product.cn of IL- 
6 bv the immature DC was not affected by any of the inhibitors. 

[0068] SLgiy, this exampie demonstrates that PDE4 inhibitors have a direc effect on dendntic cells by reducing 
15 significantly the secretion of their cytokines. 

EXAMPLE 2 : Comparison of direct effect of several PDE4 inhibitors on IL-12p70 secretion by immature 
dendritic cells. 

100691 IL-12 production by dendritic cells was stimulated with J558-CD40L cells in the absence of any PDE inhibitor 
or in the presence of 10 pM of PDE4 inhibitors (Ariflo. Rolipram, Diazepino-indole or Pyrazolo [4 3-e d.azep.ne) The 
date %2Z ^ Figure 2 show that all the PDE4 inhibitors tested were able to inhibit IL-12 production by simulated 
dendritic cells with an inhibitory activity of the same order of magnitude. 
25 EXAMPLE 3 : Presence of PDE4 Inhibitors during maturation of DC does no alter the mature phenotype of DC 

r00701 The maturation process of DC is associated wtth the appearance of CD83 and upregulation of co-stimulatory 
1 . n J iL rnS The studv whether the presence of PDE4 inhibitors during DC maturation could affect the cell 

surface expression or me u expression of these markers after treatment has been performed. 

KTl^^SES B P^E4 inhibitor treatment of DC for 2 day did not affect the expression of 
Surface m^Zllotd by the maturatio factors (TNF-a plus IL-1 p. referred to as MF) or by LPS when compared 

JSSnSS XEEZ M although PDE4 inhibitors modu.ated th cytokine production of DC, they did not 
35 prevent their phenotypic maturatio induced by inflammatory cytokines or LPS. 

EXAMPLE 4 : Effect of PDE4 inhibitor treatment during maturation of DC on their subsequent cytokine 
secretion 

KeefcS * p£*«Wo end TNF-a (between 4M0H inhibition) up on sequent sbmulaeon b, J55S 
" ^^0';"^™™ ebown. DC matured In the p„,enc. of PDE4 inhibit.* showed inhibited (ee ehown In 
Fig. 4), IL-6 production. 

EXAMPLE 5 : Effect of PDE4 inhibitors on naive T ceil differentiation. 
50 [0076] The experiments were performed according to the techniques described in the Materials and Methods Section 
above. 



roo 0 77. NaiveTh cells (ThN) were isolated from human peripheral blood leukocytes and then co-cultured with dendritic 
SI matured^ me presence of various PDE4 inhibitors . The differentiation of the naive Th cells ,n respectively Thl 
S^^SSiw™^-^ of the T-cells with labelled anti-.FN-yand anti-IL-4 monoclonal 

ST^S^^^ dendritic ce " < DC) maturation in *• presence ? IL1P and TNF T (m f s u ' 

[In factors or MF). After two days of maturation, the dendritic cells were washed and used to pnme na IV e T cells. 
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[0079] Differentiation towards Thr/Th2 was evaluated by intracellular staining of IFN7 positive and IL4 positive cells 
respectively and expressed as percentages of positive cells. 
[0080] The results are reported in table 1 hereunder. 

Table 1 





Experiment 1 


Experiment 2 


Experiment 3 


IFN-y(%) 


IL-40(%) 


lFN-y (%) 


IL-4 (%) 


IFN-g (%) 


IL-4 (%) 


MF-DC-DMSO 


14.1 


12.6 


42.5 


0.9 


37.7 


1.7 


MF-DC-Ariflo(10u.M) 


4.7 


15.1 


29.6 


2.0 


24.0 


6.2 


MF-DC-Rolipram (10u.M) 


7.2 


13.5 


35.4 


1.1 


24.5 


5.7 



[0081] As seen in table 1 , the maturation of dendritic cells in the presence of PDE4 inhibitors promoted the differen- 
tiation of naive T cells towards a Th2-like phenotype as shown by intracellular IFNy/IL4 staining. 
[0082] More precisely, the direct activity of PDE4 inhibitors on dendritic ceils induces a decrease of INF-y production 

in the Th1 population. innCil 
[0083] These data indicate that PDE4 inhibitors modulate the dendritic cell polanzing capacity and thus that PDE4 
inhibitors are highly useful for the treatment of any disease involving IL-12 production by dendritic cells and wherein 
an indesirable number of Th1-type T cells are produced. 



Claims 

1 . The use of at least one PDE4 inhibitor or a pharmaceutical^ acceptable salt thereof for manufacturing a medica- 
ment for preventing and/or treating a disease associated with an excess in IL-12 production. 

2 The use according to claim 1 , wherein the PDE4 inhibitor is selected from the group consisting of Rolipram, Ariflo, 
Diazepino-indole compounds preferably [1 ,4]diazepino[6 ,7,1-/7/] indoles, 1-aminotriazolo[4,3-a]quinazolin-5-ones 
and/or -5-thiones compounds, substituted pyrazolo-[4,3-e]diazepines and their metobolites. 

3 The use according to any one of claims 1 and 2, wherein the disease is selected from the group consisting of 
Inflammatory of the bronchi/pathologies affecting the bronchus such as Bronchoconstriction, multiple organ failure, 
Osteoarthritis Septic shock (septicaemia), Inflammatory complaints or disorders, (Chronic) inflammatory diseases 
of the digestive system including intestine (hemorrhagic rectocolitis, ulcerative colitis, IBD) with auto-immune com- 
ponent, chronic lymphatic leukaemia, Hepatic failure Including following immunologic or inflammatory liver injury, 
Graft rejection, Crohn's disease, Chronic obstructive bronchopneumopathy (chronic bronchitis, emphysema, 
COPD), acute pulmonary attack, ischemia-induced neuronal damages, Reperfusion ischaemia diseases related 
to a high level of TNF-a, acute respiratory distress syndrome, acute pancreatitis, auto-immune demyelinating 
disorders, multiple sclerosis, Type I diabetes, chronic/relapsing allergic encephalomyelitis, auto-immune enceph- 
alomyelitis, inflammatory colitis, arthritis including rheumatoid arthritis, sarcoidosis, hypersensitivity pneumonitis, 
auto-immune uveitis, Inflammatory Bowel Disease (IBD), psoriasis, eczema, contact dermatitis, as well as other 
Th1 -mediated human diseases. 

4. The use according to any one of claims 1 to 3 wherein the medicament is under a form suitable for administration 
by systemic or local route. 

5 A pharmaceutical composition for preventing and/or treating a disease associated with an excess in IL-1 2 produc- 
tion comprising an effective amount of at least one phosphodiesterase E4 (PDE4) inhibitor or a pharmaceutical^ 
acceptable salt thereof in combination with at least one pharmaceutical^ acceptable carrier. 

6. The pharmaceutical composition according to claim 5 wherein the PDE4 inhibitor is selected from the group con- 
sisting of Rolipram, Ariflo, Diazepino-indole compounds and preferably [1,4]diazepino[6,7,1-/)/] indoles, 1-amino- 
triazolo[4,3-a]quinazolin-5-ones and/or -5-thiones compounds, substituted pyrazolo-[4,3-e]diazepines compounds 
and their metabolites. 

7. The pharmaceutical composition according to any one of claims 5 or 6, for preventing or curing diseases selected 
from the group consisting of Inflammatory of the bronchi/pathologies affecting the bronchus such as Bronchocon- 
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striction multiple organ failure. Osteoarthritis, Septic shock (septicaemia). Inflammatory complaints or disorders 
SSnnflammatory diseases of the digestive system including intestine (hemorrhage rectocol, .s, ulcerative 

noloqic or nfiammatory liver injury, Graft rejection, Crohn's disease, Chrome obstructive bronchopneumopathy 

SSs, emphysema, COPD), acute pulmonary attack, ischemia-induced neuronal 

Son ischaemia diseases related to a high level of TNF-a. acute respiratory distress syndrome, acute I"™"* 

autoimmune demyelinating disorders, multiple sclerosis. Type I diabetes , ° hr <™* ela ^ 

myelitis auto-immune encephalomyelitis, inflammatory colitis, arthritis including rheumatoid arthntis. sarcoid.os.s 

^Mpneu^autane uveitis. Inflammatory Bowel Disease (IBD). psonas.s, eczema, contact 

dermatitis, as well as other Th1 -mediated human diseases 

The pharmaceutical composftion according to any one of claims 5 to 7 which is under a form suitable for admin- 
istration by systemic or local route. 
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